Chronic renal failure affects the physiological function of many organ systems. One of them is the exocrine pancreas. Although varying degrees of pancreatic insufficiency are the dominating clinical characteristic of uraemic pancreatic disease, it remains unclear whether this disease should be regarded as a manifestation of chronic pancreatitis, arising from recurring attacks of acute pancreatitis, or represents a distinct entity. The 
While chronic renal failure (CRF) is associated with a significant incidence of chronic pancreatic disease' the introduction of haemodialysis into clinical practice has done little to reduce the pancreatic abnormalities found in CRF patients. The occurrence of pathological necropsy findings in the pancreas from patients who died during the haemodialysis era is even higher than during the preceding years when dialysis was not available and life expectancy after the onset of CRF was much shorter. 2 The most common clinical presentation of this phenomenon is exocrine pancreatic insufficiency,3 but recurring attacks of pancreatitis45 and an imaging appearance resembling chronic pancreatitis6 are not uncommon. From experimental animal studies that attempted to mimic the clinical situation of CRF, a variety of morphological and biochemical findings have been reported7 8 ; some of them closely resemble while others distinctly differ from those characteristic of acute and chronic pancreatitis.
We have investigated the exocrine pancreas over the first eight weeks of experimentally induced renal failure in rats. Our data show that the secretory response to hormone stimulation is considerably impaired during CRF and that an accelerated cell death and regeneration characterise this model of uraemic pancreatic disease.
Material and methods

INDUCED RENAL FAILURE
Female Sprague-Dawley rats (Jovanowas, Kissleg, Germany and Charles River Lab, Boston, Ma) weighing 150-180 g are anaesthetised with pentobarbital (60 mg/kg, intraperitoneally). Under sterile conditions the abdomen was entered through a midline incision. Renal failure was induced by resection of the complete left kidney and the cranial and caudal third of the right kidney.9 Animals recovered from anaesthesia within three hours and were kept on standard laboratory chow with free access to water until the end of the experiment. Groups of five animals were killed at selected time intervals up to eight weeks after subtotal nephrectomy. Sham operated animals whose fatty tissue was removed from the pole caps of either kidney served as controls and were pair fed to exclude nutritional effects.
SECRETAGOGUE INDUCED PANCREATITIS
As a standard for the comparison of changes induced by experimental renal failure with those of pancreatitis, we studied a number of characteristic phenomena that seem to be common in all experimental models of pancreatitis. These are, in particular, the development of pancreatic oedema, the formation of intracellular autophagic vacuoles, and the redistribution of lysosomal hydrolases from their original lysosomal fraction into the zymogen granule enriched subcellular fraction. ' [7] [8] (1-1) 7-7 (0 9) [7] [8] [9] (1-8) (1-3) 7-6 (0 9) Collagen content ,ug/mg protein 47 (4) 53 (2) 49 (5) 57 (3) 55 (2) 60 (7) Celldeath%ofarea 0-01 (Table) . The collagen content of the acute pancreatitis animals remained equally unaffected.
The hormone stimulated secretory response of pancreatic lobules during the early phase of acute uraemia was increased by 88 and 95% for amylase and for lipase respectively. In contrast, the stimulated enzyme secretion from lobules of caerulein pancreatitis animals was reduced to basal values (Fig 1) (Fig 2) . The rate of protein synthesis, on the other hand, rapidly increased and remained increased throughout the eight weeks investigated (Fig 2) . (Fig 3) .
MORPHOLOGY
Sham operated controls were found to have no histological lesions in their exocrine pancreas (Fig 4A) . From the first day after subtotal nephrectomy, individual or groups ofacinar cells were being deleted from the pancreas (Fig 4B) .
These areas of acinar cell necrosis were restricted to small, scattered foci and the total cell mass affected by this condition never exceeded 6%. In contrast with pancreatitis, no oedema and no inflammatory infiltration was found in response to this phenomenon. The number of dividing acinar cells increased in parallel (Fig 4C) and this increase was reflected in the raised mitotic index (Table) . This regeneration was not associated with an increase in fibrotic tissue when sections were stained with fast green and sirius red (not shown).
Animals with secretagogue induced pancreatitis developed multiple autophagic and crinophagic vacuoles within the cytoplasm of their pancreatic acinar cells (Fig 4D) . These vacuoles were absent in rats with experimental renal failure.
The first ultrastructural changes could be seen in the uraemic animals after 12 hours (Fig 5) and their maximum number never exceeded 6% of the total cell mass, it is conceivable that these lesions induce hypertrophy and hyperplasia. Interestingly, this increased acinar cell turnover was not associated with pancreatic oedema, inflammatory cell infiltration or subcellular redistribution of lysosomal hydrolases. These three phenomena seem to be characteristic events in all experimental models of pancreatitis where they have been investigated.'132425 Another mechanism that could explain the changes in protein synthesis and DNA content seen in our experiments and which is strongly associated with chronic pancreatitis is pancreatic fibrosis. Although it is probable that a fibrotic response contributes to the clinical pancreatic disease of renal failure we found no evidence for an increased collagen content or for pancreatic fibrosis during the eights weeks of our study.
The morphological appearance of experimental uraemic pancreatic disease bears little resemblance to the changes seen in pancreatitis. While immature condensing vacuoles and their occasional fusion has also been seen in pancreatitis," they are by no means characteristic. Dilatation of the endoplasmic recticulum, swelling of mitochondria, and condensation of nuclear chromatin are unspecific responses ofthe acinar cell that can be caused by a variety of events including toxic damage and impaired energy supply.26 While the characteristic autophagic and crinophagic vacuoles, which are found in pancreatitis2728 were absent, uraemic pancreatic disease was associated with the occurrence of multiple intra and extracellular myelin bodies. These structures, however, thought to represent condensed phospholipid membranes, should not be regarded as a specific morphological phenomenon. They have previously been seen after exposure of the pancreas to a variety of toxic agents including ethanol29 and other nonspecific insults. 30 We conclude that the biochemical and morphological characteristics of experimental uraemic pancreatic disease seem to be quite distinct from those of pancreatitis. Exocrine pancreatic insufficiency develops after an initial phase of increased secretory response to hormone stimulation. Increased protein synthesis and DNA content are paralleled by increased deletion and regeneration of acinar cells. The intracellular lesions that precede single acinar cell necrosis correspond with those seen in toxic damage to the pancreas. Subtotal nephrectomy seems to be a model that may yield insight into the physiological and pathophysiological interactions between renal and pancreatic function. 
